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AB3TRACT

It was plannasd to examine whether ths enrly serun of aninals
imsunised witk Westorn equine encepbalitis (WEE), Japancse enge-
phalitis (JE) and vacoinia viruses contained corplement-requiring
peutrxlizing (CRN) antibody. A prerequismits to thia experiment
ms to establish a simpls neutraligation teot procedure which
oould ititrate antibody titers of many sorum samples at one time.
Useda ot al'c agar vover aiip tschnique used for berpes virus
neutralization was applied to WEE and JE viruses. i’bon reagtion
miztures were pluoed at 4 C ovarnight and then at 37 C for 3 hours
vefore inoculation to ¢ells, a ciear endpoint could be obtained.
With vaccinia viyus, thia method is not yet applicabls. Ry the
use ol the shove method, sera of guinea pigs immunised with WEE
virus were subjected to neutralization tests in tbe prosence and
sheencs of 10 unity complemeni, and it vms showy that the CRN
antibcdy appeared tu the 2nd week cerime An exact estimation of
the first deteccaclo tiume of thic cntibody 1s boing studied now.
It seems that the cppearance of the CRN antibody precedes that
of BI end CI entilodiesc In the coses of JE and vaccinia viruses,
preliminery tesiz ucing rabbite olearly ehowed that the CRN anti-
bodiec aypeared in early serums. &nd detailed teats are being
done ai presont to derermino {he exact time of jts &ppearance and
the imnunochemical neturs ol the CRN antibodies thereby obtained,
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SECTION I
Intreoduction

In the serodiagnosis of virus digsessa; it has been a
ooMBOL preciive to measure neutrelizing, somplement-?iving or
hemagglutination~inhibiting antivody in the acute and oconvaleso~
ent serun sesples to detect a titer rimse betwesn the paired
serum samples. This procedure is easpecially necessary for
adexic diseases, because normsi healthy persons may possess
a certain level of antibody whan no opecial disesse manifesta~
ticn is taking place, Therefore, reauit of the serodiagnosis
of virus disesses is obtained, in most ocases; only after an
advanced stage of infeotion or after death of the petiemt. At~
tempts to give an early disgnoais by other methods, e.g. virus
isolatlion or fluorescent antibody ataining of biopsied tisaoue
or ocells collected from urine, have not satisfied olinicisns,
since those procedures either requirs much time and special askill
or are bothered by nomspecific reactions,

In the meantime; we found an interesting fact pertaining
to the nature of tho early antibody when studying the immme
rosponse of rebbits against herpes simplex virus. Namely, when
rebbits were infeoted or immunised with hespes virus, there
appeared sarly neutraliging antibody which could be Aetected
anly in the premence of a sufficient concentration of comple-
mont, whereas the late antibody did not require any ocmplement
‘Off its detectiom (1,2,3). This was also the case with guinea
pigs imwinized with herpes virus (4)c Then, sera of huesn
patients suspacted for herpes virua infsotions were exmmined,
with the result that the complement-requiring neutrelising (CRN)

?zx);sona, whether ot not persistently infeated with herpes virus

The above fact was of a great isportance from the view-
point of diagnosis, beomuss it meant that cmly cme morum somple
taken at an sarly stage of infection might suffice to giwe
positive diagnosis. It was also esteblinhed that the CRE
antibody against herpes virus was epecifioc. The
to be pursued was whothor CRH antidody appesrs in other virus
disesses, too. Rawls ot al, (5) recently reported that Immmen
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antidody against rubella virus was enhanced by coeplement, but
in this onse both the early and late antibodies ware

equally. We intended to examine whother immunization with
Yestern equine encephalitis (WEE), Japanese epcephalitis (JE)
or vaccinia virus stimilates the production of CRN antibody,
and, if so, whether deteqtion of suah antibodies oan be a toold
for the early diagnosis of patianta;

a yTeliminary experiment with these viruses indiosted that
i1 all these cases the CIN antidody appeared in the early serum
uwm..mmmumwumm
wnequiveoal remults, a large scale experiment was plaxned feor
each virus, Thns far, we bave determined (i) what technique
of neutralimstion test is to be employed for sech virus, and
(44) what snimal and shat issunieing process are suitable for
detection of the CRR antibody of each virus.

SECTIOR 1
Meutralization Teset Procedure

In the plarmed experiments, it is expected toc examine &
large number of s+Tuz ssaples obtained from imasunised animals
in the presence ¢o¢ atsence of complement, This kind of experi-
mext requires a wirmlifioation of the neutralisation test pro-
ocodure, bsoause tic ovdinary 50 ¥ plaque reduetiom test needs
maeh material and time and labor for performance. Rarlier,
Umeda ot al, (6) worked out the agar cover elip (A0S) method for
byipes aimplex virus, in which virus-gerum Lixturss were ino-
culated to ocolis under cover slips made of overlay wodium, and
andpoints were determined by reading plaque patterns appearing
at the incoulatiocm epots, taking negative or fow sosxttered
Flagques aa positive nsutralisetion when the contrel spot chowad
codluant plagues, Adventagss of this method were that one
scnolayer dish was enough to titrate esch serum sample, and
that reading of results was not timeo-comsuadng, s standand
al@MMOmeWdetmmmaaoﬁ?%
{2)s Therefore, it vas atiteupted to &oe whether this oimplo
mothod conld de ayplied to the proscal cxperiaente with WER,
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1. WRE wirus. Whrn the above-stated ACS neutralisation
test was appiied to WEE virus. hovwever,.first tests failed to
demonstrate glear endpoints, because wirus-eerum mixtures
convained comparciively high levels of unneutralized virus,
eepocially in the neighborhood of the endpoint diiution of
antiseirum. and consaquently inoculation of the mixtures under
ACS did not resvlt in a ¢lsasr pattern discrimineble from ason-

trolic. 1t was uitempted, therefore, to lower the levels of
wnnentraiized virus.: in order to make foasible the applieation

of this simple test to WEE viruse

a. Materials and mathods. The following materials
and methods were employed.

(4) Virus, MoMillan strain of WEE virus was
serislly pessaged Through mouse brains and through chick
enbryo fibroblasts (CEF). The CEF ling was clened onge to
separate the small plaque variant (7). Passage histories snd
wethods wore detailed earlier (8), Virus dilutions were made
with p;yaiologioal ssline gontaining entibody-free calf serum
at 40 %,

(2) Antisera, Guinos pig antisera were produced
by repoated intrapsritoneal inceulations of infected CEF cul~
ture fluids %nautiv&ted with 1 : 3.000 betapropiolacsone,, and
beated at 56 C for 30 minutes hefore storing at - 20 Co Dilu-
tion of serum was done using 0,001 M MgClz-ealim buffered
with 0,0025 M Tris buffer at pH 7.8 (9).

(3) P%go gounting, The methods for pruparation
of CEF monolaysrs and p ¢ ocounting of WEE virus were the

same as those for rabies virus stated elsevhere (8), except
that the intarval between the first and second (neutral red)

overlayings was 2 days.

(k) FReutralizaticio Serial dilutions of antiservm
were mixed with a constent amount of virus obtained from infeoted
zouse brainsy the virus suspension had been prepared with
buffered sal%no containing 0.1 ¥ bovine serum albumin and
kept at =~ 70°C in giass ampoules. After incubation of the
mixtures as indicated, surviving virus amounts were titrated,
using 3 monolayer dishes per dllution.

(5) ACS test. In this case, 90-mm dishes wers
used instead of ths ordinary 60-mm dishes, and 10 ml of a gell
inoculum had been scwn to prepare monoiayers. The overlay
mediun was solidified in metal boxes to make a thicimeas of
102 mu; and a puncher was applied to pungh cut ACE disce of
1% ma in diuotera An ACS was acooped on a flat metal spatulus
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apd 0,002 m}l of a virus-serum mixture was placed on it by

a pletinum loop. The apatulus was turned upeide down over
@ CEF monolayer and the edge cf the ACS was pushed with
forceps alonz the surface of the spatulus so that it dropped
onto the cells gently without sliding on the cell surface.
Eight ACS's were used per dish. anc 8 ml of molten overlay
modium was added for fixing of the ACS®s. Subseguent pro-
godures were the same as in the ordinary plaque aounting.

bo Results. In the ACS technique. smnly one loop-
fu. of each virus-serum mixture i= inoculated to dells and
therefore a comparatively high conosntration of virus ahould
be used in reaction tubea. Whether this contributed to the
high levela of unneutralizable virus in rirus-serum mixtures
was examined. The anti-WFE serum was dilutod ¢ ¢ 20 to
1 1 2,560 in two geries, aetting plain diluent sontrol Lor
each sories. One series receivcd cqual ameunic of WIR virus
so0 diluted ss to make thecfinal concentration of virus in
the mixtures sbout ! x 10° PFU (plamue~forming unite) per ml,
while the other series waa given a 500.-fold dilution thereaf.
Aftor incubation at 37°C for one hour in & watier<bath. sach
mixture was titrated for survivors,

TABLE 4

Neutralization of 2 different concentraticas of WEE virus
by various concentrations of antiserum

Initial Survivors log decrease of virus titer at dilution

virus in aontrel
PFU/ml. PFU/ml 80x 160x 320x 640x “1280x 2560

1x rIO6 604 X 105 10?6 1036 0099 0051 0028 0019

2% 107 162 X 10° 39562 1062 1022 0066 0,22 018

As can be sesn in Table 1, the two virus concentretions
left unneutralizable virus at similar ratiocs with all serum
diiutiona tested. The result from the lower virus cories
indicated that the endpoint an datermined on the gonventional
eriterion of 50 ¥ plague iwduction was i : 640. When the
gerun diluent was buffered differently with Tris buffora from
PH 7.2 to 9.0, no difference was cbeserved in tho above dese
regponse curve, ta shown in Tebls 2,



TABLE =&

Effect of different pH upon the dosa response of antiaserum
ageinst WEE virus

Survivora log decrease of virus titer at diluvtion
in control '
FIU/mi 80x  160x 320x G40x '280x 2560x

7B

7.2 132 10° 1,50 1,32 0,88 0,45 0,13 0,07
708 102 x 10° 4,70 1.19 0.85 0029 0.13 0,08
8.4 101::1-06 1.8 1229 0,80 0,32 0.05 0,10
9.0 16t x 10° 1,58 138 0,76 0031 0,17 0,05

In the next experiment, virus-serux mixtures were made in

qudrwauntc waing an initial virue concentration of about
1 x 10" FIU/ml, and titration of aurviving virus Gone
after the ¢ imhtum:(i)gmhmrut;;gcp(ii)
b at %7°C, (144) ovarnight at 4°C amd then one at

Cy and (iv) overnight at 4°C and thxa 3 hours at 37°C.
The result indiocated in Table 3 shows that the last ocondition
resulted in & sharp dose respomse curve in the neighborhood
¢f the serum eundpaint,

URE 3

Kffeat of different conditioms of ingubation of reastion
mixtures xwpon the dece regpomss curve

Inoubation Surxvivors 10g decronne of virus titersat dil.
condition 4in ocontrol

4°c 3% PMI/al  80x 60k 320x SAOx  1280x 2960¢

br b "
4] 1 1% x 90 1.3 .26 Q.73 0,22 Cei?7 0.13
203 98x10° 1.9 1.49 1.33 0.81 0.26 0.08
B01 1,521° 185 148 1.400.80 048 0.08
prg 3 .2 X 106 157 1,68 1.9 1.20 0.6 0e25




Hence this gondition of reaction was adopted in the final
ACS test. Other factors influencing the vesult of this test
were the virus dose and the plague siye. Discrimination of
patterns betwesen zonirel (confluent plaques) and neutraliza-
tion positive spots (negative or few s.attered piagues) was
ecay when plaques were sufficiently small in size. The
optimal conditions were determined as follows; the initial
virus oyontrntion (after mixing with serum) should be
25 a1 P!'Ué . and the inoubation of inoculated dishes should
be done at 35 C for 40 bours before adding the neutrel red
overlay. An exsmple of the test performed under such ecndi~
tions is shown in PFig. 1. It can be seen that the endpoint
Akus determined was the same as that onhtained above by the
S0 % plagque reduction method,

Yigure 1. An example of the ACS noutyelisation test
with WEX viras.

20&%e Experiencee with JZ virus were the enme
as with o In this ones, the overlay medinn used o~
tained 0.1 % bovine serum albumin ir place of calf vorwm, ond
the interval hetwoer the two olerlays wes 4 days. It was
detorxined that tha init virus conocontreation in resstion
wmixtures should be 1 x 10° PFU/ml, and the interval betwsen
*ha flrst and socend overlayings of ACO-inceulated dimhan
~hzuld be 3 dayo.  Fage 2 1llvotrates an exemplo of cugh temts.



Tigure 2. £An cizanmple of the ACS necutralization tost
with JE virus.

3. Vaccinia viruse. The above ACS test could act be
applied to vaccinis virua. because the unneutraliamble fractien
of this virus wae too high. However, a regent report by
Wallis and Melnick (910) has indicated that removal of virus
aggregates by fiitration 2ould lower the unneutraiizable
iraction, We are now applying this result to the ACS test
with vaccinia virus., OCur result has not yet come out.

SECTION IXX
The CEN Antivedy of WEE Virus

%- Schedule of expiriments. The materisls and methods
werg e3soniiclly -he same as stated under Soction IT-para.is,
unlsaa otharwiee anccified hero,




8o Immunigzation and bleeding,. A number of guinsa
pigs vere examined for nounspecific virus inhibitors, and
those which showed such inhibltors were excluded from the
oxperiment. The rest were immunived with betapropiolactone-
inactivated WFE virus, which was proparcd as stated under
Bection Il-para.fel. with weekly interveis, each time giving
1.0 m1 of virus intraperitoncally per animal. Just prior teo
sach immunization, 3 snimals were selected rendomly for bloed-
inggoand their sera were poocled, inecztivoted and stored at
- 207C,

be Absorption with normal CEF cells. Frimary CEF
gultures in largo Roux bottles were monodispersed by treating
with 0,08 % EDTA plus 0,05 % trypsin. thoroughly washed with
ealine Ly centrifugation and §esuspcnded ir the above test
sera at a concentratign of 10° c¢ella per ml. After one
hour?s stending at 37°C, oach tube wos trcnaferred to om ice
box, Next day, the cells were gcparated by contrifugationc
This absorption wes repeated three times (o remove anti-
oellular antibody.

Co Couplement, The source of complement was normal
guinea pig serum. Since some guinea pige poseeased hoate
labile ronspecific virus inhibitors, such sera were omitted
after preliminary tests., Complement, as weil as sntiserunm,
was diluted with pH 7,8 Tris buffered coline (Soction II-pera.
ZA§)0 Determination of ccmplement units was detailed earlier

2)o

do gsgvnoutralization test. This has beun described
in detail undor the preceding Section. In the present
experiments, 0,2 ml of merially dilutod serum was kopt in an
ice bath, then given 0.1 ml of somplemeni ropresenting 40
hemolytic unite. ! finally added with 0.% ml of virus
represonting * x 10" PFU/ml, go that the 7inal cownentratiocn
of virus therein was 2.5 x 10" PFU/ml. Couirol m«ries received
diluent only in place of complement, Other detai:is of the
procedure are to be referred to the preceding Sez:ion:

20 Results. The firat experiment yielded the result
tabulated in Toble 4. For each sexum, the test was done
in duplicate, and the titers obtained are all yecorded in
tne table. It may be obvious that the 2-weoek serum was
enhanced by complemant to a marked extent, in a shayp con-
trast to late serum samples which could not be enhanced by
complement so mucho.
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TARLE &4

Tuplicate ACS neutralization tests of anti-WEE guinen
pig zmerw in the presence mnd obsence of complenment

Timoe after Titor* Titer.
iiﬁgzai?;n vithout ¢! with ©!
veeks

0 0, 0, Q4 0,
2 40, 760, 2,560, 5,120,
b 160, 1,280, 1,280, 1,280,
6 2,580, 2,560, 10,240, 10,240,
8 1,280, 14280, 541205 54120,
12 15280, 1,290, 20560, 54120,

(s Decivrocal of endpeint dilution)

SIeTLey 1y

The CRN Antibody ol JE Virus

The expeorinents with J% virus met zome difficulties
vhich did not uppear in the case of VEER viruse In the first
ploco, guinca pigs as well as rabbits purchased here were
wostly very likely to hove been bitten by mosquitoes during
the preeceding yeor, ond thorefore proliminery screenings
for catibody often showed the prescice of pre-exizting
antibodye Xven when there wazipro-oxisting antibedy, we
vwere not certein that thoze amimals had not been infocted
by Ji virua previously by mosquito bitc, and as a consequonca
it owenm d¢£ »cnl* teo dCucvv'ne wiether the immune rogponse
studicd wan of che primery or scecondery nature. In the
gecond p!acc, guinca pig sorum to We uzed as complopent
very frequently contained spociiic anvibodys. Hence, it was
nocenzary to bleed young guineca pige bern during winter to
obtein usable couplemente

,r-;':f,-m
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To overcome thepe difficultics, we postponed the jimmum-
ization of animals wntil this coxly cummer. by which time a
careful proliminery test foxr pro~exicting antrbady was done
with & number of rabbits and guinca pigs. The immunization
process was 8o scheduled that it could be finished befors
mosquitoes harboring JE virus appesr in this district. Tha
immunogen used wag live and betapropiocloctone-inactivated JE
virus obteined from infected mouge brains. Tho resuli bas
not yet cone outo

SECTION V
The CRN Antibody of Vaccinia Virus

Since, aa stated sbove. the simple AC3 tes: could not
be uged in the case of vaccinia virus, the 50 % plaquo reduc-
tion neutralizetion test was pexformed with sera of rabbits,
which were immuniged with live voccinis virus (Deiren I strein,
Hela coll-edapted) firat by intrademnad, jnjections ani later
by an intravenous booster injection,

1o Schedule of experiment. Nebbits which showed no
pre-existing antibody were given Hela growm vaceinia virus
intradermally at & grots, each with Q.1 nl. of virus sispension
containing 3.2 x 10 PFU/ml. (PWU was determined in CIF eells.)
The plagque counting of this virus was done in the sam> manner
ag that for horves virus ypreviously estavlished (47). Ten
woeks later, o socond injection of the virus wes done intra-
vggouely giving 0.7 ml of a virus suspension containiag 3.2 x
10” PFU/ml. Sora obtained at %, 3, 6 and 12 weaks following
the first immnization werc excrined for noutralizing anti-
body. Reaction mixtures were prepsred as stated ip Ssction
I1T.para.id, and after one hour's incubntion at 37 C inooulated
to 3 CEF monoclayers per wmixture.

2. Results Result of this experiment is recorded in
Table 5, It can be seen that up to the 6th week a certain
grade of enhanccmont of antibody titer by complemen: was seon.
Detailed examination of these sera is now under way.
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TABLE 5

Plaque reduction noutralization test with anti-vacocinia
rabbit sera in the presonce and absence of cosplement

Time after Average plaque number at serum dilutiom
the first ce Cx
immunization 5x Lox  320x  2,560x 20,480x
weoks
o] - 72 57
+ 26 31
4 - 60 66 €8 88
+ 27 28 37 29 25
3 - 21 29 56 77
+ %3 2h 35
6 - 31 58 74 61
+ 13 28 34
12 - 5 19 32 60
+ ? = 26
SECTION VI
Discussion

Ever since wo esteblished that the detection of CENM
antibody against berpes simplex virus could serve for the
early diagnosis of diseases caused by this virua, several
other workers have tested whether thie is also thy case
with other viral infections, Rawls and Melnick (5) indi.
cated that in the case of rubella virus infeotions both
the early and late sera are equally enhsnced by complement,
therefore the detection of CRN antibody did not serve
for an ocarly diagnosis. Nishimira et al. (12) immunised
rabbits with vacoinia virus and found that speafffic CRR
antibody appeared during an early stage of immmisation,
He emphasired that this new method could be & good tool
for an oarly serodisgnosis of varisla patients.

11



With JE virus, results of geveral workers are somewhat
confusing, FMirst, Prince snd Hashimoto (13) deagribed that
no enhancement of nsutralizing antibody titer dy complement
was seen in the case of gora of radbbits imsunized with JE
virus. later, Iwazaki (14) demonstrated that Igd din the
early serum of rabbite immunired with JE virus ocomtained
couplenent-potentiatable antibody, which wes largely .
nonspecific and reactablo with ccllular (PS~Y cells) antigen,
Finally, Czaki (15) indicated tha® hoth the early and late
sera of immmized rabbits wers strongly enhanoed bWy comple=
ment. These discrepenciocs seem to have stemmed from ths
different antigens used for ilmmunization and different cells
used in the routralization test ptocedure.

It is neccssary, in general, {o use dilferent sources of
virus for immmizing sntigen and for in viiro test, bocause
otherwise an antigon-sntibody system othsr taan the viruge
antivirus may cause reaction in the in viiro test and fix
complement. Therefore, in such a case, a falas negative
regult will be given when complement-potentisble reaction
exiata, Secondly, if the antiserum contains anti-cellular
antibody (16, 17, 18) and the plaque reduction test is done
in the cells which are subject to its influence, another
false result might confuse the result, To avoid these
eonfusions, we adopted systems in which no consideration on
those factors are necessary. Namely, for WEE virus, guinea
pigs were immunived with CEF-grown virus and the sera obtained
were absorbed with normel CEF cells thoroughly; and for the
in vitro nmutralization test, virus from mouse brains was
used. In the cese of JE virus, rabbits were immunized with
virus from infected mouse brains, and for the in vitro test,
ithe CEF-grown virus is used; the plague reduction was tested
with CEF cells, PFor vaccinia virus, rabbits were infected
and imunized with Hela-grown virus and the in vitro test was
done with the chorioallantoic membrane-grown virus using the
CEF monolayers.

With the adbove care taken, the preliminary tests showed
the presence of the CRN antibody for all ths three viruses
teatedo The exact time of appearance of the CRN antibody,
its relation to the immunizing dose of virus, the immmnoe
chemical nature of the CRN antibody, and its specifiocity are
to be atudled in more detail from now, In this study, it
is planned to examine a large mumber of sera for neutraliring
antibodies in the presence and absence of complement. BHence,
a prerequisite to such an experiment was to establish a simple
neutralization test procedure. This was accomplished in the

12



case of WEE and JE viruses by the use of the ACS neutralire-
tion test, and some preliminary results with WEE virus
indicated the appearance of CRN antibody in an sarly siage
of the immunization. A suitable method of mneutralization
test for wvaccinia virus is now under study. We now think
that application of the technique of Wallis et al. {(1Q)
which removes umnsutralizable virus aggrogates by filtration
will enable tho use of the ACS test in the case of vaceinia
virus, too.

Since we have advanced meoatly in the study of WEE
virus, a discussion can be given as to the serological
regpouse againgt WEE virus. Tho guines pigs immuniged with
UET virus showed no HI antiltody at the end of ons week,
but revealed a sharp inocrease of HI antibody after 2 wesks
(19). The same sera. however. pointed ocut a high level of
CRN antibody alreedy at the end of the 2nd week. This
means that the CRN antibody appeared earlier than HI antie-
body. In contrast, CF antibody was very low even in late
stages of immmization., Thua; it may bo said that the CRN
antibody is the earliest of all antibodies. Hence, the
dotection of this antibody will cortainly serve for early
serodipagnosis, How early the first detectable ' .me is must
be determined in the subsequent study. Also, whether the
same can be said in the cases of JE and vaccinia viruses
must be determined.

SECTION VI
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It was planned to examine whether the early serum of animals immun-
»1zed with Western equine encephalitis (WEE), Japaness encephalitis (JE)
' and vaccinia viruses contained complement-requiring neutralizing (CRN)
antibody, A prerequisite to this experiment was to establish a simple
neutralization test procedure which could titrate antibody titers of
rany serum samples at one time. Umeda et al's agar cover slip techinique
used for herpes virus neutralization was applied to WEE and JE viruses.
when reaction mixtures were placed at ¥ C overnight and then at 37°C for
3 hours before inoculation to cells, a clear endpoint could be obtained.
With vaceinla virus, this method is not yet applicable. By the use of
the above method, sera of gulnea pigs immunized with WEE virus were sub-
Jected to neutralization tests in the présence and absence of 10 units
complement, and it was shown that the CRN antibody appeared in the 2nd
week serum. An exact estimation of the first detectable time orf this
antihody 1s bveing studied now. It seems that the appearance of the CRN
antibody precedes that of HI and CF antibodies. In the cases of JE and
vaccinia viruses, preliminary tests using rabvbits clearly showed that
the CRN antibodies appeared in early serums, and detaljed tests are bel
done at present to determine the exact time of its appearance and the
immunochemical nature of the CRN antibodies thersby obtained. (Author)
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